://wpo-altertechnology.com/es/total-ionizing-dose-tid-testing-update-escc22900/
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Background — Total Dose Hardness Assurance

* TID = total ionizing dose
* Accumulation of radiation dosage over time
 Results in electronics shifting out of spec and/or failing

* Radiation environment in space normally characterized as worst-case
constant
* Necessary for critical missions, such as those involving human life

* Could lead to unnecessary/expensive overdesign for smaller, less critical
missions (i.e., CubeSat missions)

* Incorporating variability of the space radiation environment can help
prevent overdesign



Background — Inclusion of Radiation Environment "

Variability in Total Dose Hardness Assurance
Methodology

e Xapsos, et. al. examined failure probabilities for 1 bipolar transistor
(SFT2907A)

* Goal: expand method to 2, 5, and 10 devices for 1-year GEO
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Graphs from [1]. Left: Total probability of system failure at various orbits. Middle: Radiation environment distributions as
functions of dose and shielding thickness. Right: Failure distribution for BJT as a function of total dose



Methods

* Extreme Value Theory —
characterizes distribution
tails, traditionally
underestimated

* In our study, care about first
device to fail (minimum
extreme)

e Order Statistics — framework
for EVT with small sample
sizes
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Results from Applying Methods to BJT Data

GEO, 1 Yr Failure Probabilities for SFT2907A BIJT

Blue = graph from Xapsos, et.
al. (first slide), other colors
represent expansion of
method (this work)

Our graphs follow logical
trend — more devices in series
= higher failure probabilities
at lower doses

Differences exaggerated at
shield thicknesses between

100 mils and 150 mils, others Prail = /[1 — H (x)] ¢ (x)dx
result in similar probabilities '
x) = nf(x)(1 — F(x))"*
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Distributions

* Maximum likelihood — most likely
parameters of the distribution in
guestion

* As you go outward from mayx,
confidence level that parameters are
within the given range increase

* Need to be careful with small
samples — if distribution not well-
behaved (i.e., thick-tailed), this
approach may not work well

-uture Work: Likelihood Approach to Bound

90% WC
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Picture from [5].

[4]

Fig. 4. Likelihood contours for lognormal fits to the JANTXV2N2222 failure
levels in the inset if Fig. 3. The worst case (WC) for the 90% CL is the set of
parameters (lognormal mean pln and standard deviation cln) that yields the
highest failure level (indicated by the arrow).



summary

* Typical characterization of space radiation environment as
worst-case constant can result in unnecessary overdesign —
incorporating probabilistic nature can help prevent this

* Work from Xapsos, et. al. developed method for 1 BJT —we
showed this could be expanded to multiple BJTs in series
with EVT and Order Statistics to develop reasonable
probability curves for predicting system failure in 1-year GEO

* Future work is needed to characterize the error of these
distributions since small sample sizes are used
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